Spin labeling and kinetic studies of a membrane-immobilized proteolytic enzyme.
Membrane-based bioreactors can greatly influence the rate and extent of chemical reactions and consequently lower the costs associated with the corresponding engineering processes. However, in order to progress in this area, greater understanding of the relationship of the structure and function of bioreactor systems is required. In this study, a proteolytic enzyme, papain (EC 3.4.22.2), was covalently coupled onto the surface of a vinyl alcohol/vinyl butyral copolymer (PVB) membrane employing either glutaraldehyde (GA) or 1,1'-carbonyldiimidazole (CDI). Various kinetic and performance properties of the immobilized papain were studied. It was found that these characteristics of the membrane-bound papain depended on the immobilization method. The CDI-immobilized papain bioreactor was used, although the apparent Michaelis constant, Km, of the CDI-immobilized papain was larger than that of the GA-immobilized enzyme. In separate experiments, a six-carbon spacer was also used between the membrane support and the covalently-linked enzyme. It was found that the insertion of the spacer reduced the disturbance of the enzyme system, resulting in a decreased Km, which was now closer to the value for the free enzyme. Electron paramagnetic resonance (EPR) techniques of spin labeling were used for the first time to examine the conformational change and the active site structure of an enzyme covalently immobilized to a membrane. The structural changes of the active site of papain upon immobilization with and without a spacer were in agreement with the functional properties of the enzyme.